A basidiomycetous yeast, strain CRUB 1032 T , which formed salmon-pink colonies, was isolated from glacial meltwater in Patagonia, Argentina. Morphological, physiological and biochemical characterization indicated that this strain belonged to the genus Rhodotorula. Molecular taxonomic analysis based on the 26S rDNA D1/D2 domain and internal transcribed spacer region sequences showed that strain CRUB 1032
INTRODUCTION
During a survey of carotenogenic yeasts inhabiting aquatic environments of glacier origin in Patagonia (Argentina), four novel yeast species were detected (Libkind et al., 2003) . Three of these species have already been described as Sporobolomyces patagonicus, Sporidiobolus longiusculus (Libkind et al., 2005a) and Cystofilobasidium lacusmascardii (Libkind et al., 2009a) . The fourth species was assigned to the basidiomycetous genus Rhodotorula based on phenotypic and molecular studies (Libkind et al., 2003) . This species clustered phylogenetically within the class Cystobasidiomycetes (subphylum Pucciniomycotina), with a close relationship to the Sakaguchia clade. This group is related to the order Erythrobasidiales (which includes Rhodotorula minuta) and currently comprises three species: Sakaguchia dacryoidea and two species of the genus Rhodotorula, Rhodotorula lamellibrachii and Rhodotorula oryzae. Here, a novel yeast species, strain CRUB 1032 T , isolated from freshwater and related to the Sakaguchia group is described and the name Rhodotorula meli sp. nov. is proposed. Physiological and molecular characterization of additional freshwater yeast isolates of the class Cystobasidiomycetes from Patagonia and of collection strains of closely related species is also included in this work.
METHODS
Yeast isolation. Yeast strains of the genus Rhodotorula used in this report were isolated from freshwater environments of glacial origin in north-western Patagonia by filtering subsurface water samples, as described by Libkind et al. (2003) , or were obtained from international culture collections (see Table 1 ). Isolate CRUB 1032 T was recovered in a 2002 summer survey. Further attempts to obtain additional strains of isolate CRUB 1032 T in subsequent years (2003 and 2004) were carried out in the Ventisquero Negro glacier using conventional culture media (Libkind et al., 2003) Physiological and biochemical characteristics. The colour of cultures was assessed using the mycological colour chart of Rayner (1970) . Complete physiological characterization of R. meli sp. nov. CRUB 1032 T , Rhodotorula slooffiae CBS 5706 T , Rhodotorula laryngis CBS 2221 T , R. lamellibrachii CBS 9598 T , R. slooffiae CRUB 1029 and Rhodotorula pinicola CRUB 1028 was performed. Tests were carried out in liquid media according to Yarrow (1998) . Additional assimilation tests using aldaric acids and aromatic compounds were performed as described by Fonseca (1992) and Sampaio (1999) , Abbreviations: ITS, internal transcribed spacer; MSP-PCR, microsatellite-primed PCR; PSC, starch-like compounds.
The GenBank/EMBL/DDBJ accession numbers for the sequences determined in this study are FJ807684 (Rhodotorula slooffiae PYCC 4761 26S rRNA gene), and FJ807683, FJ807685, FJ807686 and FJ807687 (complete ITS region, 5.8S, 18S and 26S rRNA genes of R. meli CRUB 1032 T respectively. Mycosporine synthesis in strain CRUB 1032 T was studied previously by Libkind et al. (2005b) .
Molecular characterization. For PCR fingerprinting, the microsatellite-primed (MSP)-PCR technique was employed. The DNA extraction protocol, primers, PCR and electrophoresis conditions and gel image analysis procedures were those reported in Sampaio et al. (2001) . For DNA sequence analysis, DNA extraction, PCR amplification, purification and cycle sequencing followed the protocol of Sampaio et al. (2001) . DNA was amplified using primers ITS5 (59-GGAAGTAAAAGTCGTAACAAGG) and LR6 (59-CGCCAGTTCT-GCTTACC). Cycle sequencing of the 600-650 bp region at the 59 end of the 26S rDNA (D1/D2 domains) employed forward primer NL1 (59-GCATATCAATAAGCGGAGGAAAAG) and reverse primer NL4 (59-GGTCCGTGTTTCAAGACGG). The internal transcribed spacer (ITS) region was sequenced using the forward primer ITS1 (59-TCCGTAGGTGAACCTGCGG) and the reverse primer ITS4 (59-TCCTCCGCTTATTGATATGC). Sequences were obtained using an Amersham Pharmacia ALF express II automated sequencer using standard protocols. Alignments were made with BioEdit V7.0.9 and corrected visually (Hall, 1999) . Phylogenetic analysis was carried out using the neighbour-joining method (Saitou & Nei, 1987) .
Evolutionary distances were computed using the Kimura twoparameter method (Kimura, 1980) and bootstrap analysis was inferred from 1000 replicates (Felsenstein, 1985) . All positions containing gaps or missing data were eliminated from the dataset (complete deletion option). Phylogenetic analyses were conducted with MEGA4 (Tamura et al., 2007) .
RESULTS AND DISCUSSION

Phenotypic and molecular investigations
During our investigations on the diversity of carotenogenic yeasts in Patagonian freshwater habitats, eight strains producing light pink colonies were isolated. A notable characteristic shared by the eight strains was that colonies in malt extract-yeast extract-peptone agar were highly mucous and sticky; this characteristic was less evident in richer culture media (i.e. yeast extract-malt extract agar or yeast extract-peptone-glucose). All strains showed physiological characteristics that resembled those of the Cystobasidiomycetes yeasts (Bauer et al., 2006) , namely, the absence of inositol and nitrate assimilation, and production of starch-like compounds (PSC), and the presence of D-glucuronate assimilation and mycosporine synthesis. Libkind et al. (2005b) showed that the ability to synthesize mycosporines and the lack of PSC are sufficient criteria to assign a red-pigmented yeast isolate to the class Cystobasidiomycetes.
MSP-PCR fingerprinting studies were performed on the eight Patagonian strains and on several type and collection strains of yeast species belonging to the class Cystobasidiomycetes and related taxonomic groups. For R. minuta, R. slooffiae, R. laryngis and Sakaguchia dacryoidea, more or less conserved MSP-PCR banding patterns were obtained, given that most strains of each species had similar profiles (Fig. 1) (Fig. 2) and the ITS region (data not shown). Each of the remaining three Patagonian strains had a unique DNA profile, which differed from the collection strains tested, suggesting a different taxonomic position for each strain. Sequencing of the D1/D2 region indicated that these three strains belonged to Rhodotorula pinicola (100 % similarity to CRUB 1028), R. slooffiae (one mismatch with CRUB 1029) and to a novel yeast species closely related to R. lamellibrachii (six mismatches with CRUB 1032 T ), for which the name Rhodotorula meli sp. nov. is proposed in this study. Further confirmation was obtained by ITS sequence analysis, which showed that R. meli sp. nov. CRUB 1032 T (GenBank accession no. FJ807683) and R. lamellibrachii JCM 10907 T (AB025999) differed by 22 nt. As depicted in Table 2 , R. meli sp. nov. could be distinguished easily, on the basis of phenotypic characteristics, from R. lamellibrachii and other closely related species. R. meli differed from R. lamellibrachii in the assimilation of D-ribose, salicin, erythritol, D-mannitol, D-glucuronate, DL-lactate, succinate and citrate (positive for the former); and in the assimilation of maltose (weak), melezitose and growth at 30 u C (positive for the latter).
The yeast species closely related to R. meli sp. nov. seem to be mainly associated with aquatic habitats and, in particular, to marine environments. S. dacryoidea has been isolated exclusively from deep and surface seawaters of the Pacific, Indian (Fell et al., 1973) and Atlantic Oceans (Gadanho et al., 2003) . R. lamellibrachii and R. oryzae have been isolated less frequently; only one strain of each species is known. R. lamellibrachii was collected from a deep-sea tubeworm in the north-west Pacific Ocean (Nagahama et al., 2001) , whereas R. oryzae was isolated from paddy rice (Bai et al., 2004) . Despite numerous attempts, additional isolates of R. meli were not obtained in subsequent years, either from the same glacier or from nearby water bodies (Libkind et al., 2003 (Libkind et al., , 2009b Libkind, 2006) , even when using specifically designed isolation media. Furthermore, R. meli sp. nov. was not even recovered during a comprehensive study on the diversity of cold-tolerant yeasts from Mount Tronador glaciers (de García et al., 2007) . This indicates that the occurrence of R. meli sp. nov. in glacial meltwater is low and suggests that this may not be the original habitat of this yeast. Several studies on the yeast diversity of soil and phylloplane of native forests in northwestern Patagonia have been, and are being, carried out, but no strains of R. meli sp. nov. have been found so far. Rhodotorula meli (me9li. meli meaning number four spelled in Mapuche aboriginal language, given that it is the fourth carotenogenic yeast species described from Patagonia).
Latin diagnosis of
After 7 days on MYP agar at 22 u C, colonies are light pink, glistening, mucoid and smooth with entire margins. Cells are elongated to cylindrical (2-464-7 mm) and multiply by multilateral budding (Fig. 3) . Glucose is not fermented. Mycelium or pseudo-mycelium are not produced. Glucose, D-galactose, D-ribose, L-arabinose, sucrose, a,a-trehalose, salicin, arbutin, glycerol, D-mannitol, D-glucuronate, DLlactate, succinic acid, citric acid, L-tartaric acid (slow and weak), D-tartaric acid (slow and weak), vanillic acid (slow Fig. 1 . Phylogenetic placement of R. meli sp. nov. and other Patagonian Rhodotorula spp. isolates (in bold) within the class Cystobasidiomycetes inferred using the neighbour-joining method based on alignment of nuclear DNA sequences of the D1/D2 region of the 26S rRNA gene. Evolutionary distances were computed using the Kimura two-parameter method. R. glutinis was used as the outgroup. Branch lengths are in substitutions per site. Numbers on the branches are bootstrap values (1000 replicates). GenBank accession numbers of the sequences are indicated after the species name. Sp., Sporobolomyces. Bar, 0.005 base substitutions per site. and weak), p-hydroxybenzoic acid (slow and weak) and mhydroxybenzoic acid (slow and weak) are assimilated as carbon sources. Carbon sources not assimilated are 
